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660Objective: Aortic valve repair is a more recent approach for the treatment of aortic regurgitation. Limited data
exist for reconstruction in specific pathologies with isolated cusp pathology. We analyzed the results of aortic
valve repair in patients with aortic regurgitation caused by myxomatous cusp prolapse in the presence of tricuspid
valve anatomy and normal root size.
Methods: Over a 12-year period, 111 patients underwent aortic valve reconstruction for regurgitant tricuspid aor-
tic valves without concomitant root dilatation. Cusp prolapse was caused by myxomatous degeneration in 72 sub-
jects (group I) and associated with fenestrations in 39 subjects (group II). Prolapse was corrected by means of
plication of the free margin in the presence of normal cusp tissue only (n ¼ 62) or combined with triangular
resection of cusp tissue (n ¼ 10). It was treated with additional closure of the fenestration with autologous peri-
cardium in 39 instances (group II). Follow-up was complete in 98.5% (cumulative 385 years).
Results: Hospital mortality was 1.8%, and during follow-up, there was 1 thromboembolic event and no endo-
carditis. Freedom from reoperation at 5 and 8 years was 96%.
Conclusions: Isolated cusp prolapse is a relevant cause of aortic regurgitation in tricuspid aortic valves without
concomitant root dilatation. In myxomatous stretching of cusp tissue, plication of the free margin suffices to
restore cusp geometry and aortic valve function. In the presence of fenestrations, reconstruction of normal
cusp configuration can be achieved by means of closure of the fenestration with a pericardial patch. The midterm
stability of both approaches is good. (J Thorac Cardiovasc Surg 2010;139:660-4)Aortic valve replacement is an established treatment for pa-
tients with severe aortic regurgitation (AR),1 but it exposes
the patient to the typical prosthesis-related complications.
Both mechanical and biologic valve prostheses have been
shown to be associated with an incidence of valve-related
complications of 4% to 5% per patient-year.2-4
Reconstructive surgery of the aortic valve is becoming an
attractive alternative to replacement. Apart from the advan-
tage of not requiring anticoagulation, we have seen few
valve-related complications after aortic valve repair.5 Thus
far, however, reconstruction plays a limited role in the treat-
ment of AR. This is because AR is caused by different valve
pathologies and because there is a lack of standardized tech-
niques for specific abnormalities. A more widespread use of
aortic valve repair will require the definition of typical valve
pathologies and the development of standardized techniques
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The Journal of Thoracic and Cardiovascular SurgAccepted techniques have been developed for aortic dila-
tation. Cusp repair approaches have been described for re-
gurgitant bicuspid aortic valves.6,7 Cusp prolapse is also
a reason for AR8-11 in tricuspid aortic valve anatomy and
is assumed to be caused by myxomatous degeneration. It
has been suggested that myxomatous degeneration is the pri-
mary cause for AR in 10% to 36% of patients with pure
AR.10,11 Prolapse can also occur in conjunction with con-
genital fenestrations, which are typically located in the para-
commissural area of the cusps.12-15 These fenestrations have
been found in aortic valves that exhibited the features of
myxomatous degeneration.8,14 The fenestrations are located
in the coaptation zone of the cusps and thus do not directly
result in regurgitation. The free cusp margin consists only of
a thin fibrous strand, and elongation or rupture of the strand
will lead to distortion of the cusp and consequent prolapse
and regurgitation.12-15 The involved cusps are usually pli-
able and thus potentially suitable for repair. On the other
hand, the type of defect and the thinness of the tissue might
lead to concerns of increased risk of failure.
Cusp prolapse in tricuspid aortic valves has been treated
with plication of the free cusp margin,5 triangular resection
of redundant cusp tissue,16 or placement of a continuous pol-
ytetrafluoroethylene (PTFE) suture into the free margin.17
Based on stress distribution in the cusp, we have consistently
preferred plication of the margin in its central portion.5,18 At
this time, there are only a few reports dealing with isolated
correction of cusp prolapse, and there are no data dealingery c March 2010
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Dwith this specific subset of tricuspid aortic valves and normal
root size.
Fenestrated cusps are seemingly an even bigger challenge
for repair. The tissue quality of the cusps makes it more dif-
ficult to handle with sutures. Prolapse is not symmetric, and
triangular resection or plication of the free margin does not
correct the pathology. A PTFE suture placed as replacement
of the marginal strand will be exposed to high stress, and
a suture on the margin of the remaining cusp tissue will
not restore normal cusp dimensions. Although PTFE has
been used,17 no functional data have been published yet.
We have routinely corrected cusp prolapse in tricuspid
aortic valves using consistent techniques. In the presence
of thinned but otherwise normal cusp tissue, prolapse was
corrected by means of central plication of the free margin.
Triangular resection of cusp tissue was performed only for
excessive cusp redundancy. If prolapse was caused by elon-
gation or rupture of the marginal strand in a fenestrated cusp,
the involved fenestration was routinely closed with a patch
of autologous pericardium. Central plicating sutures were
added in the free margin as needed.
The purpose of this report was to analyze the repair results
for myxomatous degeneration and to compare the results
with those obtained in fenestrated cusps.
MATERIALS AND METHODS
Between October 1995 and May 2008, 1013 patients were treated for
cardiovascular disease involving AR. The valve was reconstructed in 826
instances. For the present analysis, only patients with tricuspid aortic valve
morphology and absence of aortic dilatation were included, and follow-up
was complete to November 2008. Active or healed endocarditis was ex-
cluded. Of all subjects, 114 fulfilled the morphologic criteria, 111 of
whom underwent repair (age, 1–85 years; mean age, 57  17 years;
male/female ratio, 85/26). The aortic valve was replaced in 3 patients be-
cause of intraoperative conversion (n ¼ 2) or the presence of fenestrations
with resulting cusp deformation in all 3 cusps (n ¼ 1). These latter patients
were not analyzed further.
In the 111 repaired aortic valves, preoperative AR was severe in 82 and
moderate in 29 instances. Cusp prolapse caused by degeneration with other-
wise preserved cusp morphology was found in 72 instances, and in 39 fen-
estrations with elongated or ruptured marginal strands were present. The
presence of a fenestration was difficult to predict preoperatively. Prolapse
was most frequent in the right coronary cusp (n¼ 90), followed by the non-
coronary (n ¼ 63) and left coronary (n ¼ 18) cusps. In these 111 patients
isolated AR without need for concomitant surgical intervention was present
in 39 instances. In the majority AR was found in combination with coronary
artery disease (n ¼ 35) or other cardiac diseases (mitral regurgitation, n ¼
35; permanent atrial fibrillation, n ¼ 21; or persistent foramen ovale, n ¼
6)). AR was the primary indication for surgical intervention in 82 subjects.
The repair strategy was constant in all cases. Aortic root dimensions were
measured by means of transesophageal echocardiographic analysis before
extracorporeal circulation. Aortoventricular diameter ranged from 25 toThe Journal of Thoracic and Ca29 mm (mean, 27 mm), sinotubular diameters ranged from 25 to 30 mm
(mean, 28.5 mm), and sinus diameter was less than 40 mm (mean, 35
mm). After transverse aortotomy and induction of cardioplegia, stay sutures
were placed on the 3 commissures and kept under tension throughout the
procedure. The geometry of the cusps was assessed by means of direct mea-
surement of geometric height (from the nadir of the sinus to the free edge
with the cusp stretched) and effective height.19,20 Geometric height in nor-
mal (ie, nonrestricted) cusps ranged from 17 to 22 mm (mean, 19.7 mm).
Effective height in normal cusps ranged from 9 to 10 mm (mean, 9.3 mm).
Cusp prolapse was defined as published previously.21 Three stay sutures
(5–0 or 6–0 Prolene sutures; Ethicon, Hamburg, Germany) were placed in
the corresponding free cusp margins at equal distance from the commis-
sures, taking care to place them close to the nodulus of Arantius (ie, the cen-
tral portion of the free margin; Figure 1). If prolapse was confined to 1 cusp
only (n ¼ 56), the distance between the 2 stay sutures of the affected free
cusp margin indicated the excess of length to be corrected (Figure 1). The
free margin was then shortened with simple interrupted 5–0 or 6–0 polypro-
pylene sutures (Prolene sutures, Figure 1). After each suture, the effect on
cusp geometry was assessed, and additional sutures were placed as needed.
If prolapse was present on 2 (n ¼ 44) or 3 (n ¼ 11) cusps, the first 2 cusps
were repaired by shortening of the free margin until an effective height of 9
to 10 mm was reached. The third cusp was then corrected as described
above. Plication of the free margin was performed most frequently on the
right (n ¼ 52) and noncoronary (n ¼ 54) cusps and less frequently on the
left cusp (n¼ 14). If marked redundancy of cusp tissue was present, a trian-
gular resection was performed in the central portion of the cusp (n ¼ 10).
Correction of prolapse was considered adequate if all 3 free margins were
at identical height and if the effective height was 9 mm.
In the presence of fenestrations, the approach was modified. A fenestra-
tion was only addressed surgically if prolapse was present. A cusp stay su-
ture for the cusp affected by the fenestration was placed in the central
portion of the involved and adjacent cusps. Prolapse correction was in-
tended to include closure of the fenestration; that is, implantation of the
patch was meant to correct any additional distortion of cusp tissue.
A glutaraldehyde–fixed patch of autologous pericardium was prepared.
The patch was intentionally made 10% to 20% larger than the size of the
fenestration to avoid cusp restriction. With the cusp stay suture kept under
tension, the patch was then sutured into the fenestration up to the commis-
sure by using a running circumferential 6–0 polypropylene suture (Figure 2).
The suture was locked several times to avoid restriction from excessive ten-
sion on the suture line. The resulting cusp configuration was then assessed.
Residual prolapse was corrected by using single plicating sutures on the cen-
tral free margin. A fenestration was closed most frequently on the right cusp
(n¼ 28) and less frequently on the left (n¼ 4) or noncoronary (n¼ 9) cusps.
Two fenestrations were closed in 2 individuals.
Subcommissural root plication22 was performed in 89 (80%) operations
for additional stabilization of the repair by using braided sutures and Teflon
pledgets (3–0 Ethibond, Ethicon) mostly confined to the commissures of the
repaired cusp. In 87 instances a suture was placed beneath the right/non-
coronary commissure, in 63 beneath the left/noncoronary commissure,
and in 59 beneath the right/left commissure. Postoperatively, all patients
were given aspirin (100 mg/d) for 2 months.
Intraoperatively, all patients were studied with transesophageal echocar-
diographic analysis (Siemens Sequoia; Siemens, Erlangen, Germany). The
degree of AR was determined according to current recommendations.23 Fur-
ther echocardiographic studies were performed with transthoracic echocar-
diography. All patients were studied between postoperative days 5 and 8.
Further follow-up studies were performed after 3, 6, and 12 months and
thereafter at yearly intervals. All patients were followed, and a careful his-
tory was taken for clinical evidence of embolic events, bleeding complica-
tions, and other possible valve-related problems. Follow-up was complete
for 98.5% of the patients. The follow-up ranged from 5 to 141 months,
with a mean of 2.9  2.2 years. Cumulative follow-up was 4624 patient-
months (mean, 35  26 months).rdiovascular Surgery c Volume 139, Number 3 661
FIGURE 2. Drawing of repair of a cusp fenestration. The cusp is kept un-
der tension, with the stay suture placed through its nodulus of Arantius and
that of the neighboring cusp. A pericardial patch is inserted into the fenes-
tration with a circumferential suture.
FIGURE 1. Cusp stay sutures are helpful to assess the relative length of
the free margins. Two adjacent free margins are held under tension, and
a 5–0 suture is placed through the free margin at corresponding points.
This stay suture is ideally placed in the center of the free margin (ie, through
the noduli of Arantius). Cusp stay sutures have been placed through the free
margins in all 3 coaptation lines. Because the distance from the commissure
is identical for all 3 sutures, the distance between 2 stay sutures on the free
margin of the right coronary cusp indicates the degree of tissue redundancy.
This is then plicated with 1 or several interrupted sutures.
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cusp prolapse was corrected by means of plication of the free margin only.
In group II cusp repair involved closure of a fenestration. AR ranged from
moderate (n¼ 35) to severe (n¼ 37) in group I compared with a higher pro-
portion of severe AR in group II (moderate, n¼ 5; severe, n¼ 34). The pro-
portion of patients undergoing isolated valve repair was similarly higher in
group II.
In group I 1 cusp was involved in 39 patients, 2 cusps were involved in
29 patients, and 3 cusps were involved in 4 patients. In group II 1 cusp was
prolapsing in 16 patients, 2 cusps were prolapsing in 15 patients, and 3 cusps
were prolapsing in 8 patients. In that group fenestrations were corrected in 1
(n ¼ 31) or 2 cusps (n ¼ 8).
Continuous data are presented as means  standard deviations. Statisti-
cal analysis included comparison of parametric and continuous variables
between groups by using 1-way analysis of variance. Kaplan–Meier curves
were calculated for freedom of relevant regurgitation, freedom from reoper-
ation, freedom from valve replacement, and freedom from valve-related
complications by using a commercially available software package (Prism;
GraphPad, Inc, San Diego, Calif).RESULTS
Hospital mortality was 1.8% (2/111 patients). No patient
died after isolated aortic valve repair. The 2 patients with
fatal outcomes presented with a combination of AR and cor-
onary triple-vessel disease with decreased left ventricular
function. The cause of death was mesenteric ischemia in
both patients.
Postoperative morbidity was low. No patient had to be re-
explored for bleeding, and there was no postoperative atrio-662 The Journal of Thoracic and Cardiovascular Surgventricular block. In all patients aortic valve function was
improved compared with preoperative status; mild regurgi-
tation was present 17 patients and was minimal (n ¼ 58)
or absent (n ¼ 36) in the remaining 94 patients. The propor-
tion of patients with no or trivial regurgitation was signifi-
cantly lower in group I (43/72 [60%]) than in group II
(31/39 [80%], P ¼ .035). The preoperative degree of AR
had no influence on postoperative AR (P ¼ .7).
Aortic valve function remained stable in the majority of
patients throughout the follow-up period. Reoperation was
necessary for recurrent regurgitation in 4 patients between
3 and 19 months postoperatively. The reasons for reopera-
tion were cusp retraction unrecognized at the initial interven-
tion in 1 patient (3 months) and recurrent prolapse in another
patient (15 months). Mild-to-moderate AR was seen postop-
eratively in both individuals, and this increased over time.
One patient had secondary root dilatation with increasing
aortic insufficiency and required composite replacement of
the valve and aorta 19 months postoperatively. In the patient
from group II who required reoperation, a tear was found be-
tween the cusp tissue and the implanted pericardial patch.
This was rerepaired, including the addition of a continuous
PTFE suture to the free cusp margin.
Postoperative endocarditis did not occur. There was 1
thromboembolic complication: transient ischemic attack in
conjunction with paroxysmal atrial fibrillation. Freedom
from valve-related complications was 93% in group I and
97% in group II at 5 and 8 years postoperatively.
At 5 and 8 years, freedom from AR of class II or greater
was 77% in the whole population. At 5 years, no patient
had moderate regurgitation, except for the patients undergo-
ing reoperation. There was no difference between the 2
groups, with 79% for plication of the margin and 71% forery c March 2010
FIGURE 3. Freedom from reoperation after aortic valve repair for regurgitant tricuspid aortic valves (TAV).
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at 5 and 8 years was 95% for all patients, 94% in group I,
and 97% in group II (P ¼ .7, Figure 3). For patients with
1 repaired cusp, freedom from reoperation at 5 years was
95% compared with 94% after repair of 2 cusps and
100% after correction of 3 cusps (P ¼ .78). There was no
significant difference in freedom from reoperation between
aortic repair procedures with or without subcommissural
root plication (no plication, 96%; root plication, 98%;
P ¼ .61).
DISCUSSION
Aortic valve reconstruction has become a new option for
the treatment of AR, with an apparently low rate of valve-
related complications.5 Thus far, attention has mainly
focused on technical aspects of repair, but more information
is needed about which reconstructive technique is most
appropriate for which pathology.
Cusp repair is the primary maneuver in aortic valve repair,
and it is mostly applied for prolapse. Cusp prolapse might be
an isolated finding in tricuspid aortic valves without concom-
itant root dilatation.8-15 In the current series cusp prolapse as
the only cause of regurgitation was seen in 11% of all pa-
tients with AR and 13% (111/826) of regurgitant aortic
valves considered suitable for repair. It was the only cause
of regurgitation in 111 (22%) of 504 tricuspid aortic valves.
The pathomechanism of cusp prolapse apparently in-
volves myxomatous degeneration of cusp tissue8-11 or dis-
tortion of cusp geometry caused by impaired stability in
the presence of congenital fenestrations.12-15 These fenestra-
tions have been related to root dilatation and increasing
age.14,15 Our current data indicate that fenestrations are not
infrequent in the absence of root dilatation because aortic di-
latation by definition was excluded in all patients. Several re-
ports have observed fenestrations in aortic cusps with
myxomatous degeneration.8,14 On the other hand, we and
others have observed these fenestrations in the presence of
normal configuration of aortic cusps. In fact, we have seen
them in pediatric patients with normal aortic valve function.The Journal of Thoracic and CaHistorically, cusp prolapse in tricuspid aortic valves has
been corrected by means of paracommissural plication of
the free margin,24 and limited long-term results have been
published.23 Investigations on stress distribution of the aor-
tic cusps during diastole provide the explanation for this
finding because stress is highest in the paracommissural
areas of the free cusp margin.18 The central portion of the
margin, on the contrary, is exposed to the lowest amount
of stress during diastole and thus appears ideally suited for
repair maneuvers.18
We have previously described that cusp prolapse in bicus-
pid and tricuspid aortic valves can be corrected by means of
plication of the free margin with good midterm stability.21
The current report specifically focuses on tricuspid aortic
valves, which are geometrically more difficult to repair
than bicuspid valves. The presence of fenestrations in con-
junction with cusp prolapse poses a problem with a less ap-
parent solution. The presence of fenestrations automatically
implies that the free cusp margin consists of thin fibrous
strands connecting the central part of the cusp to the
commissure.12-15 The anatomy easily explains elongation
or rupture of the marginal strands as a cause of cusp prolapse
because of the altered stress distribution.
Restoration, stabilization, or both of the free cusp margin
has been proposed by using thin PTFE sutures in the margin
of the affected cusps.17 As yet, no published data are avail-
able regarding the intraoperative conversion rate, the imme-
diate functional result, and durability. We have not used this
technique for tricuspid aortic valves; instead, we have closed
the existing tissue defect with a pericardial patch. Autolo-
gous pericardium has been shown to be associated with ex-
cellent midterm stability.25 Closure of the defect eliminates
the abnormal stress distribution and thus appears ideal to
prevent recurrent cusp deformation after successful repair.
Although the current data do not allow for comparison of
different techniques for dealing with fenestrations, the dura-
bility indicates that closure of the fenestration leads to
a stable result. We cannot conclude whether the use of sub-
commissural root plication25 is a necessary adjunct to thisrdiovascular Surgery c Volume 139, Number 3 663
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long-term observations will also be necessary to determine
the true long-term fate of autologous pericardium inserted
into the aortic cusps.
It can be argued that cusps with a tissue defect (ie, fenes-
trations) are prone to recurrence of deformation and prolapse
and therefore should be replaced. Our current experience
reaching up to 8 years indicates that this is not the case.
Even though the repair is more complex than plication of
the free margin, freedom from valve-related complications
has been gratifying.
In view of the current result, it might be argued whether all
fenestrations encountered during a valve-preserving or
valve-reconstructing procedure should be closed. There is
no information on the stability that can be expected from
a normally configured cusp with fenestrations, and any inter-
vention on the cusp can lead to distortion of the aortic valve.
It thus appears reasonable only to address fenestrated cusps
that are actually deformed at the time of the operation. Thus
far, we have closed up to 3 defects on up to 2 cusps with
good results. We have encountered fenestrations in each of
the 3 cusps only rarely, and we decided to replace these
valves.
In conclusion, cusp prolapse is a relevant cause of AR in
tricuspid aortic valves in the presence of normal (ie, nondi-
lated) aortic roots. Prolapse might be due to myxomatous de-
generation or elongation or rupture of the marginal strands
that border congenital fenestrations. Correction of prolapse
can be performed by means of plication of the free margin
in the presence of normal cusp tissue and, if present, by clos-
ing the fenestration with a pericardial patch. Both techniques
lead to equally good midterm results, and the incidence of
valve-related complications is low. Repair should be consid-
ered as an alternative to replacement in these pathologies.
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